A new species, Enterobacter pyrinus, which was isolated from brown leaf spot lesions on pear trees, is described on the basis of the characteristics of seven strains. These bacteria are gram-negative, facultatively anaerobic, straight rods (0.6 to 1.0 by 1.6 to 2.3 pm) that are motile and peritrichous. As determined by DNA hybridization (hydroxyapatite method), these seven strains were 97.5% related in both 60 and 75°C reactions, with no evidence of sequence divergence, indicating that they are members of a single species. E. pyrinus is most closely related to Enterobacter gergoviae (46%) and to Enterobacter agglomeruns hybridization group XI (37%). E. pyrinus is differentiated from E. gergoviue by its growth in KCN broth, acid production from myo-inositol, and lack of acid production from raffinose. The type strain of E. pyrinus is strain KCTC 2520 (= CDC 66570 = ATCC 49851).
Since the genus Erwinia is quite heterogeneous and since some species previously included in it have been transferred to the genus Enterobacter, it was necessary to further characterize the bacterial isolates from pears both biochemically and by DNA hybridization (4) . In this paper we describe the results of these additional studies; on the basis of our results the name Enterobacter wrinus sp. nov. is proposed for the agent of brown leaf spot disease of pears.
MATERIALS AND METHODS
Bacterial strains. A total of 28 strains were isolated from brown leaf spots of pear trees (Fyruspyrifolia cv. Shingo and Mansamgil) in the Yusung area of Korea in 1988 (8) . Seven of these strains, strains KCTC 2520T (T = type strain), KCTC 2585 , KCTC 2586 , KCTC 2587 , KCTC 2588 , KCTC 2589 , and KCTC 2590 all strains were maintained on medium containing 1% Casitone (Difco Laboratories, Detroit, Mich.), 0.3% yeast extract, 0.5% NaC1, and 0.7% agar or on nutrient agar at 30°C. All of the DNAs used in DNA hybridization experiments (Table 1) were obtained from strains in the culture collection of the Meningitis and Special Pathogens Laboratory Section, Centers for Disease Control, Atlanta, Ga. (4) .
Phenotypic characteristics. The methods described by Schaad (14) were used for the following physiological and biochemical tests: catalase, oxidase, phosphatase, urease, indole production, acetoin production (Voges-Proskauer test), acid production from carbohydrates, utilization of organic compounds, H2S production from cysteine, gelatin liquefaction, nitrate reduction, erythromycin susceptibility, growth at 36"C, potato soft rot, and tobacco hypersensitivity. Phenylalanine deaminase activity, DNase activity, casein hydrolysis, and motility were tested as described by Smibert and Krieg (15) . Mucoid growth was tested on nutrient agar containing 5% sucrose, and tolerance to 5% NaCl was tested in nutrient broth. Tolerance to KCN was determined on Difco KCN broth. Commercial media were used whenever possible. Colonial characteristics and pigment formation were determined on nutrient agar. Cells and flagella were observed by phase-contrast light microscopy and electron microscopy. Inocula for biochemical and physiological tests were prepared from 24-h cultures grown on nutrient agar at 27"C, unless indicated otherwise.
DNA methods. Guanine-plus-cytosine (G+ C) contents were determined spectrophotometrically by the method of Marmur and Doty (13) and are reported below to the nearest 0.5 mol%. The methods used to extract and purify DNA and the hydroxyapatite hybridization method for determining levels of DNA relatedness have been described previously (5) . Strain KCTC 2520T was labeled enzymatically in vitro with [32P]dCTP by using a nick translation reagent kit (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) as directed by the manufacturer. Each G+C content determination and DNA hybridization reaction was done at least twice, and the values obtained were averaged. 
RESULTS
The G+C contents were as follows: 57.5 mol% for strain KCTC 2520T; 58.5 mol% for strains KCTC 2585, KCTC 2586, KCTC 2587, and KCTC 2589; 60 mol% for strain KCTC 2588; and 61 mol% for strain KCTC 2590.
The levels of relatedness between labeled DNA from strain KCTC 2520T and unlabeled DNAs from the six other Enterobacter aerogenes, Erwinia cypripedii, and Erwinia rhapontici ( Table 2 ). The pear leaf strains were differentiated from Enterobacter gergoviae by their ability to produce H,S, to grow in KCN broth, and to ferment myo-inositol and by their inability to ferment raffinose. Reactions that differentiate the pear leaf strains from their other closest phenotypic relatives are shown in Table 2. pear leaf strains and from type or reference strains of 89 genospecies belonging to the family Enterobacteriaceae are shown in Table 1 . The average level of relatedness of the pear leaf strains was 97.5% in both 60 and 75°C reactions. There was no evidence of divergence within the related sequences. DNA from strain KCTC 2520T exhibited 46% relatedness to Enterobacter gergoviae IP 76.01T DNA and was 37% or less related to the DNAs of all of the other members of the Enterobacteriaceae tested ( Table 1) .
All of the strains of pear leaf bacteria were gram-negative, straight rods (0.6 to 1.1 by 1.6 to 2.3 pm) and were facultatively anaerobic. The cells were motile and peritrichous; four to six flagella were usually discernible (Fig. 1) . After 48 h of incubation on nutrient agar, the pear leaf bacteria formed yellowish white, circular, convex, smooth, translucent, butyrous colonies that were approximately 1.5 to 4.0 mm in diameter. The seven strains were homogeneous in their physiological and biochemical properties, which are listed below in the description of the new species.
Biochemically and physiologically, the pear leaf strains were most similar to strains of Enterobacter gergoviae,
DISCUSSION
The seven strains isolated from pear brown leaf spots were homogeneous in their biochemical characteristics and G+C
FIG. 1. Electron micrograph of a negatively stained cell of
Enterobacterpyrinus KCTC 2520T. Bar = 1 km. contents, which fell within the phenotypic definition of the family Enterobacteriaceae. These strains were closely related as determined by DNA hybridization. Therefore, both phenotypically and genetically, these strains represent a single species.
Phenotypically, the pear brown leaf spot strains can be differentiated from their closest relatives by four or more tests. The levels of DNA relatedness between pear brown leaf spot strain KCTC 2520T and 89 strains representing other species of the Enterobacteriaceae were in all cases less than 50%, a value far lower than the level of relatedness recommended for phylogenetic definition of a species (70% or more) (17). These data confirm that the pear brown leaf spot strains constitute a new species.
Because these strains are the causative agent of brown leaf spot disease in pear trees, it was natural to consider classifymg them in the genus Erwinia, the genus that contains phytopathogenic species of the Enterobacteriaceae (8). It has been known for a long time that the genus Erwinia is phenotypically and genetically heterogeneous and that the boundary separating the genera Erwinia and Enterobacter is quite subjective (1-4, 7, 11, 12, 16) . A number of species originally classified in the genus Erwinia have now been reclassified in other genera, most notably the genus Enterobacter and the new genus Pantoea (4,9,12). For purposes of comparison with previous work, strains belonging to the Erwinia herbicola -Enterobacter agglomerans group, some of which have now been reclassified in the genus Pantoea, are referred to in Table 1 as Enterobacter agglomerans hybridization groups I to XI11 (2). DNA hybridization stud-ies showed that the pear brown leaf spot strains are most closely related to Enterobacter gergoviae (6). Therefore, we propose the name Enterobacterpyrinus sp. nov. for the pear brown leaf spot strains. Description of Enterobacter pyrinus sp. nov. Enterobacter pyrinus (pyr' i.nus. N. L. n. pyrus, pear; L. suff. -inus, belonging to; N. L. adj. pyrinus, from pears). Cells are gram-negative, oxidase-negative, catalase-positive, fermentative rods (0.6 to 1.0 by 1.6 to 2.3 pm) that are motile and peritrichous. Grows well on nutrient agar, yeast extractdextrose-CaCO, agar, and other common bacteriological media. Colonies on nutrient agar are circular, entire, convex, smooth, translucent, and 1.5 to 5.0 mm iri diameter after 48 h of incubation at 27°C. Growth occurs at 36°C and in the presence of 5% (wt/vol) NaCl. Positive in tests for acetoin production (Voges-Proskauer test), H,S production from cysteine, glucoriate oxidation, gas production from D-glucose, KCN tolerance, nitrate reduction, phosphatase activity, reducing substances produced from sucrose, and urease activity. Negative in tests for casein hydrolysis, DNase activity, erythromycin susceptibility, gelatin liquefaction, growth factor requirement, indole production, mucoid growth, pectinase activity, phenylalanine deaminase activity, pigment production, potato rot, and tobacco hypersensitivity. The strains utilize citrate, formate, lactate, galacturonate, and malonate as sole carbon sources, but not L-tartrate. Acid is produced from L-arabinose, cellobiose, esculin, glycerol, myo-inositol, maltose, D-mannitol, mannose, melibiose, ribose, L-rhamnose, salicin, trehalose, and D-xylose. Acid is not produced from adonitol, dextrin, dulcitol, inulin, lactose, melezitose, a-methyl-D-glucoside, palatinose, raffinose, D-sorbitol, and starch. Phenotypic tests that are useful for differentiating Enterobacterpyrinus from other Enterobacter and Erwinia species are shown in Table 2 .
The G+C content of the DNA is 57.5 to 61 mol% (as determined by the thermal denaturation method).
Strains were isolated from pear leaves and cause brown leaf spot disease of pear trees (P. pyrifolia Nakai).
Description of the type strain. The type strain of Enterobacterpyrinus is strain KCTC 2520 (= CDC 6570 = ATCC 49851). This strain was isolated from diseased pear (P. pyrifolia cv. Mansamgil) leaves at Yusung, Korea, in 1988. The biochemical characteristics of this strain are identical to those of the species, and the G+C content of its DNA is 57.5 mol%.
